Compound-specific carbon isotope ratios (δ 13 C) of leaf wax n-alkanes (C 21 -C 33 odd 23 carbon numbered n-alkanes) were measured in the Hani peat sequence from northeast 24
reservoir. The stratigraphic records of δ 13 C reveal decoupled fluctuations among the 31 individual n-alkanes, particularly between 15.5 to 11.4 ka. Synchronous excursions in 32 the δ 13 C offsets among individual n-alkanes (Δδ 13 C) and lipid biomarker paleoplant 33 proxies (Paq, and C 23 /C 31 and C 27 /C 31 ) from 14.9 to 13.2 ka and 12.7 to 11.6 ka suggest 34 that vegetational changes are the most likely causes for the decoupled δ 13 C variations. 35
Parallel fluctuations of the δ 13 C values of terrestrial higher plant-derived C 29 and C 31 36 n-alkanes and the n-alkane average chain-length (ACL) from 11 to 6 ka indicate that the 37 δ 13 C variations responded to net evaporation changes. Negative shifts in the n-alkane 38 δ 13 C values coinciding with the ACL decreases at 10.5-9.3 ka and 8.1 ka indicate the 39 short-term onset and fluctuations of the summer monsoon strength in eastern China 40 during the early Holocene. 41
Introduction 45
A peat deposit, which is an accumulation of partially decomposed and 46 thermally immature organic matter that is mainly composed of autochthonous vascular 47 plant debris, holds valuable information about continental paleoenvironmental historiesanalysis. The compounds were identified on the basis of their mass spectra, GC 142 retention times, and comparison with literature mass spectra. 143 144
Compound-specific stable carbon isotope analysis 145
In order to improve the accuracy of the compound-specific stable carbon isotope 146 ratio (δ 13 C) analyses, the n-alkane fractions were purified using the urea adduct 147 technique of Yamamoto and Kawamura (2010) . Briefly, a saturated solution of urea in 148 methanol was added to the hydrocarbon fraction dissolved in n-hexane/acetone (2:1) 149 and gently stirred overnight using a mechanical stirrer to complete the adduction. After 150 adduction, the solvent was removed from the urea precipitate, which was rinsed with 151 fresh solvent (n-hexane/acetone, 2:1) three times to remove non-adducted materials. 152
The urea crystals were dried under a N 2 stream and the n-alkanes were recovered in 153 n-hexane after dissolution of the crystals in water. 154 13 C/ 12 C ratios of the purified n-alkanes were determined using a HP 6890 GC 155 coupled to a Finnigan MAT Delta Plus isotope ratio mass spectrometer via a Finniganinjected into the GC via an on-column injector with an internal standard of known 161 isotopic composition (C 20 n-alkanoic acid methyl ester; δ 13 C = -26.21‰). The δ 13 C 162 values are expressed as per mil (‰) relative to the Vienna Pee Dee Belemnite (VPDB). 163
Most measurements were duplicated. Reported δ 13 C data represent an averaged value of 164 the duplicate analyses. An external standard consisting of C 16 to C 30 n-alkanes of known 165 isotopic compositions was daily injected into the GC/IRMS system to check the data 166 quality and to ensure that the analytical error of the n-alkanes remained below ±0.5‰ 167 during the analyses (Bendle et al., 2007) . The Hani peat core samples contain C 21 to C 35 n-alkanes with a strong 172 odd-over-even carbon number predominance (CPI = 3.1 to 7.5) as major aliphatic 173 hydrocarbons (Fig. 2) . Generally, submerged and floating macrophytes contain a large 174 proportion of n-alkanes that maximizes at C 21 , C 23 , or C 25 , whereas vascular land plants 175 and emersed macrophytes contain C 27 , C 29 and C 31 n-alkanes as constituents of their 176 show significant variations throughout the core (Fig. 2) , suggesting variable 179 contributions from both types of plants. 180 (Fig. 3) . In the lower half of this interval (960 to 739 cm), the δ 13 C profiles of the C 23 208
and C 25 n-alkanes exhibit a 2.0 to 2.5‰ negative shift, but equivalent shifts are not 209 observed in the other n-alkane records. In the upper half of the interval (739 to 650 cm),although C 21 to C 29 n-alkane profiles show concurrent δ 13 C negative shifts, the 211 magnitudes of the shifts are significantly different among the compounds: those for C 25 212 and C 27 are ca. 3.8‰, whereas those for the other n-alkanes are only 1.5 to 2.0‰ (Fig.  213   3) . 214
The leaf wax n-alkanes in a peat bog are commonly derived from an 215 assemblage of different plants, each with specific n-alkane distributions and δ and C 23 /C 31 ratios are also known as paleoplant proxies. The C 27 /C 31 concentration ratio, 235 which was originally described as C 31 /C 27 ratio in Schwark et al. (2002) , is generally 236 considered to express the relative contribution of C 3 grasses whose leaf wax n-alkanesare dominated by the C 31 homologue. However, the dominant n-alkane chain-lengths in 238 contemporary vegetation at the Hani peatland (Table 1) during the 12.7 to 11.6 ka period (Figs. 4a, b) . The lack of change in the C 23 /C 31 ratios 308 suggests that the contribution of Sphagnum mosses did not increase, unlike the period 309 from 14.9 to 13.2 ka; however, it should be noted that the C 23 /C 31 ratio does not always 310 indicate an abundant Sphagnum contribution to peat deposits when the predominant 311 Sphagnum species possesses both the C 27 and C 31 n-alkanes as its major components 312
(Nott et al., 2000). 313
On the other hand, pollen records in nearby Lake Shihailongwan show 314 increases in the relative abundance of certain conifers (Larix, Picea) during the period 315 of Younger Dryas-like climate deterioration (12.4-11.7 ka; Stebich et al., 2007 Stebich et al., , 2009 . 316
Because the leaf wax of these conifer trees contains the C 31 n-alkane with a more 317 13 C-enriched δ 13 C value than the C 3 angiosperms (Chikaraishi and Naraoka, 2003; 318 increase during the Late-glacial period with three short-term climate reversals to cool 327 and dry conditions at 13.9, 13.0 and 12.7 to 11.7 ka. In contrast, climate conditions in 328 the Holocene were relatively dry as compared to the deglacial period, however, the 329 summer monsoon rainfall record exhibits century-scale variability with maxima around Nevertheless, it should be noted that the δ 13 C variations of terrestrial higher 364 plant n-alkanes (C 29 and C 31 n-alkanes) do not match with the ACL variations in the 15.5 365 to 11.4 ka and 6.5 to 0.1 ka intervals (Fig. 5) . This absence of agreement could be partly 366 related to the origin of the n-alkanes, because the C 29 and C 31 n-alkanes can also be 367 produced by several mosses found in the Hani peatland (Table 1) 2005) increased at 9.5 and 8.0 ka in northeast China (Fig. 5d) , indicating an enhanced 381 summer monsoon rainfall at that time. Our n-alkane δ 13 C records of terrestrial higher 382 plant n-alkanes (C 29 and C 31 n-alkanes) exhibit 1.4 to 1.8‰ negative shifts with the ACL 383 increases at 10.5-9.3 ka and 8.1 ka (dark gray bands in Fig. 5 ), which is likely to 384 represent the δ 13 C responses of peat-forming terrestrial higher plant to the increases in 385 summer monsoonal precipitation in eastern China. 
